The production of X(4350) in the γγ interactions that occur in proton-proton, proton-nucleus and nucleus-nucleus collisions at the CERN Large Hadron Collider (LHC) is investigated and predictions for the kinematical ranges probed by the ALICE and LHCb Collaborations are presented. We focus on the γγ → φJ/Ψ process, which have been measured by the Belle Collaboration, and present parameter free predictions for the total cross sections at the LHC energies. Our results demonstrate that the experimental study of this process is feasible and can be used to confirm or not the existence of the X(4350) state. Finally, for completeness, we present predictions for the production of the X(3915) state in the γγ → ωJ/Ψ process and show that this exotic state can also be probed in γγ interactions at the LHC. Over the last years the study of photon induced interactions at the LHC became a reality. The experimental results from the ALICE, ATLAS, CMS and LHCb Collaborations [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] are now being used to improve our understanding of the QCD dynamics as well to probe Beyond Standard Model Physics (For a recent review see Ref.
Over the last years the study of photon induced interactions at the LHC became a reality. The experimental results from the ALICE, ATLAS, CMS and LHCb Collaborations [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] are now being used to improve our understanding of the QCD dynamics as well to probe Beyond Standard Model Physics (For a recent review see Ref. [13] ). The basic ideas present in the description of photon induced interactions are very simple: ultra-relativistic charged hadrons are an intense source of photons and in a collision at large impact parameters (b > R h1 + R h2 , with R i being the hadron radius), denoted hereafter ultra -peripheral collisions (UPCs), photon -photon and photon -hadron interactions become dominant over the strong hadron -hadron one. For photon -photon interactions, the total cross section for a given process can be factorized in terms of the equivalent flux of photons of the incident hadrons and the photon-photon production cross section [14] . The experimental separation for such events is relatively easy, as photon emission is coherent over the hadron and the photon is colorless we expect the events to be characterized by two intact recoiled hadrons (tagged hadrons) and the presence of two rapidity gaps. As pointed out in Refs. [15] [16] [17] [18] , photoninduced interactions can also be used to study the production and properties of exotic charmoniumlike states, which are a class of hadrons that decay to final states that contain a heavy quark and a heavy antiquark but cannot be easily accommodated in the remaining unfilled states in the cc level scheme (For reviews see e.g. Refs. [19] [20] [21] [22] ). Our goal in this paper is to explore the possibility of producing the exotic X(4350) in two-photon interactions in UPCs with ultra-relativistic protons and nuclei. Such state have been observed by the Belle Collaboration [23] in the γγ → φJ/Ψ process, but none of the φJ/Ψ states observed by the LHCb Collaboration in the analysis of B + decays is consistent with this state [24] . Therefore, the X(4350) awaits confirmation [22] . In what follows we use the values obtained by the Belle Collaboration for the product of the two-photon decay Γ X(4350)→γγ and branching fraction B(X(4350) → φJ/Ψ) to derive parameter free predictions for the X(4350) production in γγ interactions at the LHC. As we will show the resulting cross sections are large, which implies that a future experimental analysis is, in principle, feasible. Therefore, the study of this process can be used to confirm (or not) the existence and properties of this state. For completeness, we also demonstrate that a similar analysis can be performed for other exotic final states that have been observed in γγ processes by the Belle and BaBar Collaborations. In particular, we also will present predictions for the production of the X(3915) state.
Initially, let's present a brief review of the formalism need to describe the photon -induced interactions at hadronic colliders [14] . In the particular case of the X(4350) production in γγ interactions at hadronic colliders, the cross section can be estimated using the equivalent photon approximation [14, 25] . In this approximation the cross section for the production of the exotic charmonium state, X(4350), in UPCs between two hadrons, h 1 and h 2 , is given by (See e.g. [14] ) where √ s is center-of-mass energy for the h 1 h 2 collision (h i = p,A), ⊗ characterizes a rapidity gap in the final state and W = √ 4ω 1 ω 2 is the invariant mass of the γγ system. Moreover, N (ω i , b i ) is the equivalent photon spectrum generated by hadron (nucleus) i, which can be expressed as follows
where ω i is the energy of the photon emitted by the hadron (nucleus) h i at an impact parameter, or distance, b i from h i . Moreover, γ L is the Lorentz factor and F is the nuclear form factor of the equivalent photon source. The factor S 
where R hi is the radius of the hadron h i (i = 1, 2). In what follows we assume R p = 0.7 fm and
fm. The presence of this factor in Eq. (1) excludes the overlap between the colliding hadrons and allows to take into account only ultraperipheral collisions. Finally,σ γγ→X(4350) (ω 1 , ω 2 ) is the cross section for the production of a state X(4350) from two real photons with energies ω 1 and ω 2 . Using the Low formula [27] , the cross section for the production of the X(4350) state due to the two-photon fusion can be written in terms of the two-photon decay width Γ X(4350)→γγ as followsσ
where M X and J are, respectively, the mass and spin of the produced state. Using that the photon energies ω 1 and ω 2 are related to W and the rapidity Y of the outgoing resonance X(4350) by ω 1 = W 2 e Y and ω 2 = W 2 e −Y the total cross section can be expressed by (For details see e.g. Ref. [28] )
Such expression allows to easily estimate the rapidity distribution as well as to calculate the cross sections for the restricted range of rapidities considered by the ALICE and LHCb Collaborations. In what follows the cross sections will be estimated assuming that the nucleus can be described by a monopole form factor given by [28] ] → φJ/ψ production for different center -of -mass energies considering the full LHC rapidity range as well as the rapidity ranges covered by the ALICE and LHCb detectors. with Λ = 0.088 GeV. On the other hand, for proton projectiles, the form factor will be assumed to be [29, 30] 
A detailed discussion about the theoretical uncertainty associated to the model used for F is presented in Ref. [18] . One have that the cross section is directly dependent of the values for the decay width Γ X(4350)→γγ , mass and spin of the resonance. Such quantities can be taken from experiment or can be theoretically estimated (See Refs. [15, 16, 18] ). In our analysis we will focus on the case in that the resonance decays into a φJ/Ψ final state. As a consequence, the cross section will be proportional to Γ X(4350)→γγ × B(X(4350) → φJ/Ψ), where B(X(4350) → φJ/Ψ) is the branching fraction. Such product have been measured by the Belle Collaboration to be [23] Γ X(4350)→γγ ×B(X(4350) → φJ/Ψ) = [6.7
In what follows we will use these values as input in our calculations. Therefore, our predictions for LHC energies will be parameter free. A future experimental analysis of this process can be used to confirm (or not) the existence and properties of the X(4350) state observed by the Belle Collaboration.
In Table I we present our predictions for the total cross sections for the X(4350) → φJ/Ψ production in pp/pP b/P bP b collisions at the LHC energies considering the full LHC rapidity range as well as the rapidity ranges covered by the ALICE and LHCb detector. We consider the two possible values for J P . The lower (upper) limit of our predictions are calculated using the minimum (maximum) values for Γ X(4350)→γγ × B(X(4350) → φJ/Ψ) obtained from the Belle data [23] by taking the central value and subtracting (adding) the total uncertainty, calculated in quadrature from the statistical and systematical uncertainties. Due to the Z 2 dependence of the photon spectra, we have that the following hierarchy is approximately valid for the X(4350) production induced by γγ interactions: σ P bP b = Z 2 · σ pP b = Z 4 · σ pp , with Z = 82. In Fig. 2 the corresponding rapidity distributions for the X(4350) [2 ++ ] → φJ/ψ production are presented. In the case of the X(4350) [0 ++ ] resonance, the distributions are similar but with a smaller normalization. Due to the asymmetry in the proton and nuclear photon fluxes present in the initial state, we predict an asymmetric rapidity distribution in the case of pP b collisions. In Fig. 2 we also indicate the kinematical rapidity ranges probed by the ALICE (−1 ≤ Y ≤ +1) and LHCb (+2 ≤ Y ≤ +4.5) Collaborations. The resulting predictions for the total cross sections in the ALICE and LHCb rapidity ranges are also presented in Table I . In comparison with the results for the full LHC rapidity range, one have that the predictions are reduced by a factor between 2.7 and 6.0 depending on the initial state and the rapidity range covered by the detector, with the larger reduction being for P bP b collisions at the LHCb. Although this reduction is nonnegligible, the final values are still large and imply a significant number of events if we consider that the expected integrated luminosity for the high luminosity run of the LHC is 50/fb (10/nb) for pp (P bP b) collisions. In particular, we predict that the number of events per year in pp (P bP b) collisions will be larger than 1850 (2300) at LHCb and 1970 (5200) at ALICE, which implies that the experimental analysis of this process is, in principle, feasible.
The analysis performed above can be directly extended for other exotic meson candidates. In particular, we can also provide predictions for the X(3915) production. A candidate for such state was observed in γγ collisions by the Belle [31] and BaBar [32] Collaborations in the γγ → ωJ/Ψ process. Belle Collaboration obtained that [31] 
Using these values as input in our calculations we can estimate the total cross sections for X(3915)[J P ] → ωJ/ψ production in pp/pP b/P bP b collisions at the LHC energies. The predictions are presented in Table II . In comparison to the results for the X(4350), the cross sections for the X(3915)[J P ] → ωJ/ψ production are one order of magnitude larger. The cross sections are well within reach of present experiment detection techniques, considering the high luminosity expected for the next run of the LHC. Consequently, our results indicate that the analysis of this exotic meson also is, in principle, feasible at the LHC considering the photon induced interactions that occur in hadronic collisions at large impact parameter.
Finally, let's summarize our main results and conclusions. Over the last years the existence of exotic hadrons has been established and a large number of candidate have been proposed. In particular, the exotic X(4350) and X(3915) mesons have been observed in γγ processes by the Belle Collaboration considering the production of the φJ/Ψ and ωJ/Ψ final states, respectively. However, such states have not observed at the LHC in the analysis of B + decays. Consequently, these states still awaits confirmation. In this study we have proposed the search of these resonances in the γγ interactions present in pp/pP b/P bP b collisions at the LHC. This is a clean process where the particles of the initial state are intact at the final state and can be detected at the forward direction as featured by the presence of two rapidity gaps between the projectiles and the produced resonance, which is assumed to decay in a pair of vector mesons. Our results indicate that the experimental analysis of this process is, in principle, feasible at the LHC and that its study is ideal to confirm (or not) the existence and properties from these resonances.
